Large Synoptic Survey
Telescope

LSST is a public-private partnership. Design and development activity is supported in part by the National Science Foundation. Additional funding comes

from private gifts, grants to universities, and in-kind support at Department of Energy laboratories and other LSSTC Institutional Members.




LSST will build a dedicated observing facility, W
complete a 10 year survey, and serve its data products

Large Synoptic Survey Telescope

8.4 M Primary Aperture
« 3.5 Degree Field Of View
« 3.2 Billion Pixel Camera

« ~40 Second Cadence

— Two 15 second exposures

— Full sky coverage every few
nights

 Data Served to Public
— Alerts of new events

— Catalogs of object
— Archives of images

* Education and Public
Outreach is provided
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LSST will build a dedicated observing facility,
complete a 10 year survey, and serve its data products
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Large Synoptic Survey Telescope

« 8.4 M Primary Aperture

| ' « 3.5 Degree Field Of View
TRANSIENT ‘ « 3.2 Billion Pixel Camera
L « ~40 Second Cadence

152005 4, 47378

— Two 15 second exposures

— Full sky coverage every few
nights

« Data Served to Public

— Alerts of new events
— Catalogs of object
— Archives of images

* Education and Public
Qutreach is provided

Cosmic News Network

Microsoft” Research
WorldWide Telescope
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LSST Wide-Fast-Deep Survey designed to satisfy m
massively parallel astrophysics

« 6 filter survey of 20,000 deg? to ~27 mag co-added depth
* One 6-Gigabyte image every 17 seconds

« 15 Terabytes raw data every night for 10 years

« 100-Petabyte final image data archive anticipated

« 20-Petabyte final database catalog anticipated

* Real-Time Event Mining: ~100,000 events per night, every
night, for 10 yrs

* Repeat images of the entire night sky every 3 nights
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# LSST is an unprécedented survey

I‘Enébles.broad' qualitative leap
— poténtialfy hazardous near-Earth‘asteroids #
. — tothe fundamental physics of dark energy
20 billion objects cataloged '
4 billion galaxie’s with redshifts*
Time dom&in information x1000
* — 1 million supernovae ‘ .

— 1 million galaxy lenses &'
High precision, high unifermity, calibrated data
Open source, open data

. Bridge to formal education and. life Iong Iea‘rs
Movie of the tniverse opens new windows
.Broader impég:t, from technology to public outreach




LSST Science Book, v2.0 is available now

Large Synoptic Survey Telescope

« Strong case made for variety
of science

o 245 contributors
« 598 pages

« Living document available at
www.Isst.org

« arXiv/0912.0201
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Large Synoptic Survey Telescope

crsron 24, November 2009
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The site civil design and permitting is done and is
ready for initial excavation

Large Synoptic Survey Telescope

Chilean agreement |n place

Enwronmental assessment is complete and aII bmldmg and
use permlts are in hand. o

' :

Initial Geotechmcai evaluatlon completed, -
Initial Site excavation deS|gn completed
Slte is ready for Excavatlon'
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Summit facility final design under contract with
ARCADIS Geotecnica, Santiago Chile

Large Synoptic Survey Telescope
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The LSST optical system is 3 mirrors and 3 lenses to : Sy
form 3.5° field of view — Minor adjustments to V3.3
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LSST M1M3 Mirror contracted to UofA with LSST non- m-
federal funds, shown here just after casting in 2008

Large Synoptic Survey Telescope
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Primary mirror was cleaned out, inspected, and
moved to optical Shop Large Synoptic Survey Telescope

Doug, Don, and Bill in front Mirror being turned onto its front for back
of the cleaned out mirror surface processing
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M1M3 on the SOML large optics generator for rear
surface preparation

Large Synoptic Survey Telescope
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M1/M3 Primary mirror load spreaders attached and
polishing cell ready

Large Synoptic Survey Telescope
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M1M3 front surface generation completed —
M3 Appears!
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Machine incident with mirror will be a 2-3 week delay,
surface damaged but repair will restore full function

Large Synoptic Survey Telescope
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M1M3 Testing utilizes holographic
interferometery and SOML laser tracker plus oo

557

Tuell 7739-126 Thursday 6:00 PM
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Telescope team at NOAO is focused on
design, prototype, & testing mirror supports oo cne e

M1MT mrror

Loadspreader
Assembly

Unwversal Joint Pivots

Load Caf

Cylinder Trans

__ 5. Axial Breakaway /
Upper Flexures / Load Cell

Servo Valves I

| 3. Extension

2. Actuator
(excluding
Counter mass)

J 1

- 1, Base

Hileman 7739-143 Thursday 6:00 PM ] [ DeVries 7739-142 Wednesday 11:20 AM ]
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M2 Substrate purchased and completed by
Corning using LSST non-federal funding [m-




The telescope mount detailed
development continues at NOAO

Large Synoptic Survey Telescope

Moving structure: 300 tons

Drive power: 450 hp

[ D. Neill 7733-11 Today 2:40 PM ]

Damping: Tuned masses raise damping to 5%

First Frequency: 8.2 hz (loaded structure on bearings, pier, and summit rock)

,Tuned Mass
.7 Dampers x4

Balancing

SyStem X 4 Mirror
\

Cover

Deployable
Platform x2

&IL7LL

4
Hydrostatic Azimuth Bearings

Hydrostatic Elevation Bearing

Elevation
Drives x4

Azimuth ,
Drives ( &
4or8 £

Elevation Cable
Drape x2

Location of Azimuth ,*
Maypole Cable Drape
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SLAC, DOE Labs and French IN2P3 Labs making good
progress with design and critical prototypes

Camera housing
and back flange

L1-L2 Lens assembly

1.65m
5'-5”

Diameter 1.65m

Length 3.7m

Weight 3000 kg

F.P. Diam 634 mm
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Large Synoptic Survey Telescope

Filter Auto Changer

Filter
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Large Synoptic Survey Telescope

Shutter
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Large Synoptic Survey Telescope

Filter Carousel

L3 lens

Detector plane

Twenty one, 9 sensor
rafts - each 144 Mpixel
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Large Synoptic Survey Telescope

L1/L2 Assembly mechanical components
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L3 Ass e m b Iy Large Synoptic Survey Telescope
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C O rn e r Raft ASS e m b Iy Large Synoptic Survey Telescope

Science
Raft/Tower
Science Corner e R -
Ratt/Tower Raft/Tower
& Corner Raft/ Corner Raft/
2] Tower Tower

Cryoplate

Cold plate

Corner Raft Science Raft Corner Raft
Control Crate Control Crate Control Crate

........... Science Raft Corner Raft
Control Crate Control Crate
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The 4K x 4K LSST sensor reference design m—

Large Synoptic Survey Telescope

bonding pads

Sixteen 1-Mpix
segments
10um pixels

100um thick,
5kQ-cm Si

guard ring

transparent,
conductive
entrance window
on back side
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Two vendors have produced working 100um-
thick CCDs in Phase 1 development

Large Synoptic Survey Telescope

e2v STA/ITL
2K x 4.5K, 13.5um pixels, 2 outputs 4K x 4K, 10um pixels, 16 outputs
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both 100um thick, high resistivity bulk silicon, capable of overdepletion
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Brookhaven and Paris are the primary sites
for sensor testing

BNL CLEANROOM IN2P3 CLEANROOM Common controller
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Phase 1 device testing also performed on sky W

Large Synoptic Survey Telescope

1.1” binary in y2 filter M1 (R band, 4Kx4K)

e2v CCD218-80 at MDM Exoplanet transit lightcurve V,R,l composite (NGC891)

Am 7\25mmag

K
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DM System is widely distributed leveraging world-class

facilities and existing cyber-infrastructure

T Archive Site

Headquarters Site

| Archive Center |

[

Systems Operations
Center (SOC)

Outreach Center (EPOC)

Education and Public

Co-located
Data Access Center (DAC)

100 to 250 TFLOPS, ~100 PB

Base Site

[ Base Center

]

Co-located
Data Access Center (DAC)

]

~66 TFLOPS, ~100 PB

Long-Haul Communications

Chile - U.S. on existing networks
2.5 Gbps avg, 10 Gbps peak
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Data Management continues Design and Testing with

Data Challenges

Large Synoptic Survey Telescope

Miadleware AP

mmon Frame\vork

Nightly
Processing
Pipelines

Image Prog¢ess

Detection

Associatior)
Moving Object

Alert Proce'ssing

Data Release
Pipelines

Deep Detec!
| —
Photometric Calib
SRRSO ——
Astrometric Calib
| —
Image Coadd
| o—
Classification
_
Science Datiy QA

Data Products

Calibration
Products
Pipeline

User Tools
(Query, Data
Quality Analysis,
Monioring)

Eng/Facility
Data
Archive

Source
Cataloa

Image
Archive

Object

Catalon

Orbit

Cataloa

calpraton
DEE!

Alert

Archive

Products
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DataChallenge-3b includes: 18 pipelines, m-
database, and user interface

* Prototype of Data Release Production at 15% operational scale

* Three software releases/Performance Tests

— PT1: (May 2010) Image Processing and Single Frame Measurement
— PT2: (August 2010) Transient Detection and Deep Detection
— PT3: (November 2010) Multi-fit measurement and Photometric Calibration

« 5TB CFHTLS data, 47 TB Simulated LSST data
- Data will be served to Science Collaborations, redundant databases

« Basic user interfaces for catalog access and search

— IPAC Gator
— MySQL client plus custom query parallelizer (qserv)
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Simulation of the LSST operation and imaging is

supporting science and engineering investigations W

Large Synoptic Survey Telescope

Operations Simulatons e

i All Sky |
— Cadence input from science cases e X 7 .Da‘abaSE:
. . . Transients ) Defects :
— Observing strategy based on historical records ~TTT .
Ssy::::n —"| Base Catalog ™~ Cosmeloay i
I— | |
T R _— “---_‘_‘_. | |
C_entnction CHT= |
___________________________________________ l
requred for mtation. Inchdes: Generate : :
e "'," L" 'IT.,I,L,' ‘ instance <= gz‘eurl:t:;: |
Postion  Prparmcon Catalog |
acouired omber oF vistter 1 acouired number of visie g 3 O isita x Observing DM Data :
. - ) conditions :> = b‘“"’:: i
. . Image |
« Catalog Simulations nroduce shesr peamster fom | Generation 1: i
. . . . . cosmology metadata TO the Generate |
— Realistic baseline catalog for validation Atmosphere per FOV |
|
— Calibration sets for all-sky applications "‘[“;‘";"“; “““ l E— !
. . . imosphere | 1
— Complete to below the detection limit (r=28) S | Generation 2 = gruimion | |
. . _«~ To the Detector |
* Image Simulations Camera | - :
— Photon-by-photon high fidelity image simulations Defects [Formating Generate |
per sensor
— Atmosphere, telescope and camera ““““"““""""‘ﬂ: """"""""""" |

— Validation of the design and implementation of the DM Pipelines g;m:ggg

LSST
« A Coherent Framework totimien. LSST Sample/images and ICatalogs
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LSST Image Simulation has
group developing sophlstlcate
photon x photon images with
cosmology input and “all”
known physics e

]

Full Focal Plane
(~trillion photons)




47 TB of images
1.4x10° CCD images (6 filters)
1000-fold increase in data

1.5-2 million CPU hours

Equivalent to generating a simulated
SDSS survey (8 years of imaging)




LSST has refined and fully adopted the use of SysML
to guide System Engineering

Large Synoptic Survey Telescope

Using Enterprise
Architect Tool to
capture, analyze,
and verify
requirements and
design

Methodology
provides rigorous
analysis of needs
and traceability

Configuration
control point

«viewpointy
RequirementsEngineering

«viewpointy
Analysis

«Conform»

«viewpoint»
Design

«Conform»

are defined in both
Logical & Physical
views, although at

abstraction.

«Conform»

as glycol, coolant,
refrigerant, purge
gas, etc. are
*primarily* defined
here.

«view»
Requirements

] + Requirements
+ Use Cases

Requirements :System
Composition

N

|

|
1

«refine»
1

«View»
Logical

+ LSST System Architecture

ﬂ + Logical Analysis

Structures :Logical
System Composition
Hierarchy and Functional
Behavior

InformationFlows |-

different levels of |« _

1
«refine»

" «view»

Physical

+ Camera Subsystem

]+ LSST System
+ Data Management Subsystem
+ Telescope Subsystem

5| Structures :Physical
System Interfaces

Physical flows, such |~
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LSST is a single project managed centrally by m—

LSST Corporation, Tucson Arizona

Board of Directors

John Schaefer, Chairman

Science Advisory
Council (SAC)
Michael Strauss, Chair

Science Collaborations H

See www.Isst.org for list of
32 institutional partners
Institutional Members

EDTOnan A8 LIy
Cacena rath e of Techasogy

Camage Mekon sy Science Council

A e Prywgaes Mucae ot 3e Pricue e Partcuses (IGP))

JOMS FOPANG LWy

o Parkcie o Shavied Urivendty
L% CANEres DRLeraanry CRONN TeRsioge Innr. W

Lenex e Liversone Meonad Laborsdory

L% ABTGS MARNN LIDNMNNY

Matond O Aokoroey Ctearvaion

S Camera
eyt o Pervghana Kirk Gilmore, Sci.

sty of Wasnegsn Nadine Kurita, Mgr.

Data Management
Timothy Axelrod, Sci.
Jeffrey Kantor, Mgr.
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LSST schedule with a construction start
in FY2012 .....now FY2013

Calendar Year
2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Design & Development Final Design

NSF D&D
Funding Start

Major Private
Funding Start

Schedule
Contingency

Commissioning

Survey Operations

)
” Farst Uight vl
\’ ... »
BNOREERIE. & :_!Operational
Readiness
6 yrs NSF MREFC Period 10 years Operations s
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

LLNL-PRES-471647 43



LSST Budget and Cost estimates

elescope

Large Synoptic Survey Tel

~N

-

Design &
Development e Ny
Camera $3.0M )

$11.4M/yr

\.
4

. Mahagement ontingency
Construction $102M
‘ Telescope /
2007-2018 $156M

VAN

y
D

Data Management
S14.7M -> 40%

\_
4

Operations
elescope & Camera
Project Management, Operations
EPO, Data Quality 12.8M ->35%
2018-2029 Soam-zs

128 FTE total; 52 in Chile

36.7M/yr in 2009 US

LLNL-PRES-471647
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Large Synoptic Survey Telescope

Large Synopfic Survey Telescope

LLNL continues to be a key technical partner and scientific
participant in this forefront astrophysical program




